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sLIMMARY

Results are presented of static-force tests made in the static-
thrust facility o; the Langley free-f13ght tunnel on biplane tings with
large-chord double slotted flaps which turn the slipstream of a single
counterrotatingpropeller downward for vertical take-off. The span of
the wings was approximately equal to the theoretical dismeter of the
slipstream (70 percent of the propeJler diameter). The investietion
provided information on the effect of chord length, flap deflection,
propeller position, end plates, fuselage2 and ground proximity on the
efficiency of the wing system in turning the propelJer slipstream.

The investigation showed that it was possible to turn the prope31er
slipstream 90° so that the resultant-force vector of the wing-propeller
combinaticm was normal to the propeller shaft and was 80 percent of the
magnitude of the propeller thrust. When the mcdelwas near the ground,
the slipstream was turned only about 75°, but the resultant force increased
to about 88 percent of the thrust. The resultant force was reduced about
10 percent when a fuselage was added to the wing system. Seallng the
slots on the wings had no effect on the turning effectiveness when the
model was well above the ground, but the resultant force was reduced if
the slots were sealed when the mcdel was near the ground. End plates
were essential for obtaining high turning angles and efficiency.

INTRODUCTION

In the process of designing a free-flight model tc represent a
Iiaison-dass vertical-take-off airplane, some exploratory static-force
tests were made by the Langley Free-Flight-Tunnel Section with simplified
mcdels assembled from existing components in order to investigate various
wing systems proposed for the free-flight model. ~is paper presents the
results of the static-force tests on a biplane configuration with large-
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chord double slotted flaps which turn t,heslipstream of a counterrota-
ting propeller. The investigationprovided information on the effect of
chord length, flap deflection, propeller @sition, end plates, fuselage,

*a-

nd ground p oximity on the efficiency of the wing system in turning the
Jpropeller sli stream. Since the tests “rep-cirtedin this paper were made

only to obtain some preliminary indication of the relative efficiency of
various configurations, systematic chtiges “oftest variables were not
made in all cases. It is felt, however, that these results will be
helpful since very little data have been published on the effectiveness
of a biplane configuration in turning the propeller slipstream.

SYMBOLS “

Tne positive sense of forces, moments, and angles is shown in fig-
ure 1. The pitching moments presented in this paper aTe referred to a
point on the bottom-wing chord line haM’w&y between the two wing quarter-
chord points as shown in figure 1. ‘Ihed~finitions of the symbols used
in the present paper are as follows:

FL force normal to thrust axis, lb
-m=

FD force parallel to thrust axis-(thrust minus drag), 1%

FR
a

resultant force, lb

% pitchtng mom@, ft-lb

T propeller thrust, lb _

c

E

e

e

wing chord, ft

mean aerodynamic chord of ‘ting,ft

vertical position of pr~l.ler rebtive to the leading edge
of the luwer wing (positivewhen propeller is above leading
edge), in.

inclination of resultant?foyce vector frcm thrust axis,

tan -1 ‘L ~eg ,.
~’

.- _—
-

propeller diemeter, ft ; .;,

wing incidence, deg

flap deflection, deg ~ -
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Subscripts:

*
1, 2 numerals indicating which flap was deflected (see fig. 1)

APPARATUS AND MODEL

The model was assembled from existing components. The wings were
unswept and untapered and were eqtipped with large-chord double slotted
flaps. The wing spans were approximately equal to the dismeter of the
theoretical slipstream (70 percent of the propeller diameter) and end
plates were used on each end. A sketch of the basic model with chord-
etiensions is shown in figure 2, and the geometric characteristics of
each wing and of the propellers are given in the following table:

l%ch Wing:

Area, sqin. . . . . . . ● . . . . ● ● s“. ● - ● ● ● ● “ 151.2
Spsn, in. . . . . . . . . . . . . . . ● ● ● ““ ● ● =“ 16.8
Chord, in. . ..*. ● **** .*-** ● *-** “ 9.0
Airfoilsectio~I . . . . . . . . . ● ● ● ● ● ● c ● s ● ● •~CA~15
Aspect ratio . . . . . . . . . . . . ● g ● ● ● 9 ● w “ ● ●

L 87
●

Propellers:

b w“”””””””””””””””” “ Six-blade counterrotating
Diameter, in. . . . . . . . . . . . . ● s ● ● ● ● ● ● ● = ● 2k.o
Hsmilton StaudardbMe. . . . . . . . . . . . . . . . . 3155-6-1.5
SolMityofonebl-ade . . . . . . . . . . . . . . . . . 0.0475

Each wing was set at 5° incidence for all the tests. The ordinates
of the flaps were derived from the slotted flap .2-hof reference 1 and
we presented in table I. During the investigation, sheet-alminum chond-
extensions of various len@hs were added to the upper surface of the rear
flaps (fig. 1). These chord-extensions increased the effective angle of
the rear flaps by about ~.

The wings were mounted on a three-component strain-gage balance so
that lift, drag, and pitching moment could be measured. Mmt of the
tests were made with the wings mounted on the balance by means of the
end plate as shown in figure 2. For the fuselage- md end-plate-effect
tests, however, the mcdel was mounted as in figure 3 which shows a sketch
of the model with a fuselage and chord-extensions. When the wings were
mounted on the fuselage the deflected flaps of the Iuwer wing were not
cut for the fuselage but were continuous across the span.

&
The propellers were mounted separately from the wings on smother

strain-gage beam so that the thrust could be held constant at 23 pounds
- for all the tests. The wooden propellers were driven by a 5-horsepower

electric motor.
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!Ihe ground board used in the tests was a 6- by 8-foot sheet of ply-
wood. As the height of the ground bosrd was varied, the sngle betweeh
the board and thrust axis was set to the a~roximate angle needed for
vertical take-off, that is, normal to the resultsnt-force vector.

The investigationwas made under static-thrust conditions in a lsrge
o~en area (approximatelya 70-foot cube)’in the building of the Iangley
free-flight tunnel and, therefore, needed no corrections normally asso-
ciated with wind-tunnel tests.

RESULTS AND DISCUSSION

The effect of a fuselage on the turhing effectiveness of the biplane
wings is shown in figure 4. The shape of the fuselage is shown on the
sketch in figure 3, and the fuselage widths are given in the table in
figure 4. The main effect of the fuselage on the effectiveness of the””
wing system was to reduce the resultant force 10 to 15 percent when the
model was well above the ground and 15 to 21Tpercent when it was near
the ground.

Figure 5 gives the effect of end pl$tes on the turning effectiveness “ j
of the wing system with fuselage. The large.end plates could be cut down
to small plates with an approximately seticirculsr shape on each wing
with little effect, as shown in the sketch in figure 5; but removal of all 4

end-plate area reduced both the turning wgle and the resultant force.
In fact, although test points are not shbwm”fi figure 5, it was found

—

that even slight deductions in end-platear~a beyond that shown in the
figure for the small end plates caused a considerable reduction in both
the turning angle and resultant force.

The effect of ground proximity on the ability of the wings to turn
the slipstream is shown in figure 6. Asshwn in figure 6(a) the results
were dependent on the configuration tested. For two of the configurations
there was a reduction of turning angle or about 10°, but the resultant
force increased as the mcdel neared the ground. For the third config-
uration of figure 6(a) end for the two configurations shown in fig-
ure 6(b), the turning angle was reduced 30° “asthe ground was approached,
whereas the resultant force increased until the model csme within 4 inches
of the ground and then decreased as the model came closer.

The effect of chord length is showr ’in.~igure7. In figure 7(a) it
is seen that a reduction in chord lengthof 1 inch for either of two t~p
wing positions resulted in a loss of turriingangle of about 7°, whereas
there was little chsnge in resultant force either with or without ground
proximity. Figure 7(b) shows the effect of chord length for vsrious test
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configurations near the ground. Again, this figure shows that the main
effect of reducing the chord is a reduction of turning angle.

The effect of the top-wing position on the turning effectiveness of
the wing system is shown in figure 8. The best results were obtained -
with the top wing about 7 inches abo~ the bottom wing with the mcdel
either near the ground or away from the ground.

Figure 9 gives the results of tests at two vertical positions of
the propellers. Further results are shown in figure 6(b). Tests were
made with the thrust line on, 1 inch above, and 1 inch below the chord
line of the bottom wing. Although there was not a large difference in
the results, the best position tested was with the thrust line 1 inch
above the chord line of the bottom wing.

mile studying figures 7 to 9 it should be noted that the results
presented in these figures (chord length, top-wing position, and propeller
position) were somewhat dependent on each other. The general result frcm
these tests was that, if enough chord was provided and the wing positions
were such that the wings extended approximately from the top to the bot-
tom of the theoretical slipstream, then the propeller slipstream could be
turned about 90° so that the resultant-force vector of the wing-propeller
combination was normal to the propeller shaft and was 80 percent of the
magnitude of the propeller thrust. When the model was near the ground,
the slipstream was turned only about 75°, but the resultsmt force
increased to about 88 percent of the thrust. These results are repre-
sentedby the circulac symbols in figure 7(a).

-.

Figure 10 presents the results obtained from two horizontal posi-
tions of the propellers. When the model was well above the ground there
was little difference between the results obtained with the propellers 4
or 10 inches in front of the leading edge of the bottom wing. With the
ground board set at 4 inches, however, there was a marked increase in
turning singlewhen the propellers were moved from 10 to 4 inches in front ..
of the bottom wing.

‘Iheeffect of changing the flap deflection is shown in figure Il.
mere is a msrked difference in the results caused by ground effect.
The main effect of reducing the flap deflections without the ground board
is,a reduction in turning angle. Reducing the flap deflections on both
wings with the ground height at 2 inches, however, results in some increase
in the turning angle and a very large increase in the resultant force.
Another way of summerizing these results is to assume that, with large
flap deflections, a high turning angle is achieved, but the effect of
ground proximity is very detrimental. Smaller flap deflections result
in lower turning angles, but ground proximity is not so detrimental and
a higher resultsmt force is achieved. It should also be noted that, after
the flap deflection on both wings was reduced, as shown in figure 11, the
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flap
With

that

deflection on the bottoming was increased to its original.value
little or no loss in resultant force, It would appear, therefore,
flap deflection on the top wing mustbe more critical than on the

.

bottom wing.

The effect of sealing the slots on the wings is shown in figure 12.
Sealing the slots had no noticeable effect except when near the ground
where a reduction in resultant force was experienced.

Am investigationwas

CONCLUDING REMARKS

made to determine the effectiveness of a biplane-
wing configurationwith lsrge-chord double slotted flaps in turning the
slipstream of a counterrotatingpropeller. ._

.

The effects of the vertical position.of the propeller, chord length,
and top-wing position were somewhat dependent on each other. The general
result from this investigationwas that, if enough chord was provided and
the wing positions were such that the win~s extended approximately from
the top to the bottom of the theoretical slipstream, then the propeller””
slipstream could be turned 90° so that thp resultant-force vector of the *
wing-propeller canbination was normal to the propeller shaft and was
80 percent of the magnitude of the propeller thrust. When the model was
near the ground, the slipstream was turned otiy about 75° but the result- .

ant force increased to about 88 percent of the thrust.

The effect of ground proximity on the turning effectiveness of the
biptie wings depended on the configuration tested. For one configuration
in which the propellers were positioned 10 inches in front of the bottoii
wing and the flap deflections were 600 and 30°, the turning angle was
reduced 30° when the wings were near the ~o~d. The adverse ground
effect could be greatly reduced, however,.by’moving the propellers closer
to the wings and by utilizing less flap deflection. For the best con-
ditions, ground proximity resulted in a 10° reduction in turning angle
accompanied by a 10- to 20-percent increa~e in the resultant force.

The resultant force was reduced about
was added to the wing system.

Sealing the slots on the wings had no
tiveness when the model was well above tk+e
force was reduced if the slots were sealed
ground.

10 percent when a fuselage

effect on the turning effec-
@.ound, but the resultant
when the model was near the

#-

i’
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End plates with sn approximately semicircular shape on each wing
(defined by the upper surface of the wing with the flaps deflected and
a tie between the leading and trailing edge) were essential for obtaining
high turning angles and efficiency. Iarger end plates showed no improvem-
ent in the turning effectiveness of the wing system.

Langley Aeronautical laboratory,
National Advisory Cotittee for Aeronautics, -

Langley Field, Vs., June K?, 1956.
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TABLE T.- DETAILS OF THE WING AND FIAP SECTIONS

~.m~

#Aluminum plates

.- .

--

PATHOF THE FLAP N08E

[value m percent chordWINGANDFLAP 0R13NATES

Ordmate,y,percent chord

—
Flapl8fJ

deg

o

atlonX,
?rcentchord YI

-3.5
-2.0
-1.5
-1.5
0.5
2.0
2.5

~

xl

m
44.0
48.0
52.5
54.8
56.0
577

~

Xz

70.0
72.5
74.7
7Z2
79.2
80.4
81.0
~ 1

Y2

-2.5
-1.5
-1.2
-1.2
-0.2
0.7
I .0
2.0

Flap2Wll
WA
Jpper

o I

3?2;
4.40
5.25
5.85
6.68
7.17
7.43
7.50
7,25

1,
!2!EL
.ower

Flapl
u

10
20
30

.aw )pper

o
1.25

2.50
.0=7
-327
4.40
-5.25
-5.85
-6.68
-7.!7
-7.43
7;;

40
50
60
70

-

-

Em
4.58 -s

w
4:0(
-4.0(
-

-=8

-1.81
-y&I

?zx
i-m
Ia

~
v

-
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8f,2

FL
FR

/

Figure 1.- Conventions used to deftie positive sense of forces, moments,
snd sngles.
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Figure 2.- Drawing of model. All dimensions are in inches.
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Figure 3.- .Sketchof model with fuselage and chord-extensions.
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SY mbols Prop. dist., Top- (yWrd.@.,
no ground ground In. wmg m.

at 4m. d[st.,m.
a d e f b g

c1 ● 4.0 ‘1.0 8.0 55 5.5
❑ 9 4 I 8 5.5 5,5
v v 4 [ 8 5.5 5.5

Fuselage End My/To

w[dth, iii . plates no groun ground

—

—

—

Figure 4.- Effect of fuselage. ~f,l =-600; ~f,2 = no.
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FL
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0
0 .2 4 .6 a Lo

FD
T

Symbols Prop d[st., ToP- Chord-ext., Fuselage End My/ TD
no groun~ _ In. [r . , wdth,fn. plates no gmunG

at4m, d!;,?n.
ground
at4m.

a d e f b g a
o I -. 16 -.
0 ■ Sa;% ‘- ./6 - .15
A A 4 t 0 5.5 55 5 none - .13 - .12

Figure 7.- Effect of end plates. 5f,l = 60°; ~f,2= 300.
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6= 9& 80°
,- I I 70°

1 I I I I I I I-, ,.OO ,

0 ,2 4 .6 .8 I.o

/4

-.

—

.

Chord-ext, Prop. dlst., ToP- Fuselage Er?d Flap angles
ln, WI% In. m. Wing wdth, [n. plates bottom top My

deg dlst., m. wmg,deg wmg,deg ~

a b g d e f
o m o 55 5,5 4.0 I.0 8.0 5.0 small 60-30 60-30 -0.14
v 18 5 5.5 5.5 4 I small 60-30 60-30 -.14
❑ 12 10 5.5 55 4 I : : small 60-30 60-30 -.13

8 10 5.5 5.5 4 I small 60-30 60-30 -.13
$ 4 10 5.5 5.5 4 I : ;
lx

small 60-30 60-30 -,13
2 15 5.5 5.5 4 I 5 small 60-30 60-30 -.13

A 3/8 15 5.5 5,5 4 I : 5 small 60-30 60-30 -,14

Cf m o 5.5 5,5 10 0 9 noni
I+

large 60-30 60-30 -.11

$
6 15 5.5 5.5 10 M? brge 60-30 60-30 -m
4 20 5.5 5.5 10 : : none large 60-30 60-30 -m
2 30 5.5 5.5 10 0 9 none large 60-30 60-30 -,08

Q @ o 5.5 5.5 10 nofle large 60-30 40-30 -.12
6 25” 5.5 5.5 10 : : nan~ Iaqe 60-30 40-30 -,lg!

: 4 25 5.5 5.5 10 0 9 none large 60-30 40-30 -.(3
% 2 30 55 5.5 10 0 9 nrmg large 60-30 40-30 -.13

(a) Three test config~ations.

Fig’ure6.- Effect of ground proximity.
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1.0

I*

70°

60°

.8 - “ “
,50”

- ‘h

.6-

4 -

.2 -

F-

n

.*30*\

&~ .70 &o .g~ 160 ‘ +
I I I 1 0°

“o 2 !4 ,6 .8 K)

Symbol Ground Chord-ext., Prop. dlst, ToP- Fuselage End
m. ang~ m. m. wing wdth, m. plates My

de: ‘dist., m. YE-
0 b 9 d e f

0 a) 0 4.5 4.5 Jo.o - Lo 70 ncme large -0.06
6 20 4.5 4.5 10 -1 7 none large -.06

: 4 25 4,5 4.5 10 -1 7 none large -.07
h 2 30 4.5 4.5 10 -1 7 none large -.07

$ : 2: :; 2; ;: : ;
none large -.11
none large -.16

a 4 25 4.5 4.5 10 0 7 rmne large -.11
N 2 30 4.5 4.5 10 0 7 none large -.11

(b) ~o additional test configurations. af,l= 60°; 8f,2= no.

Figure 6.- Concluded.
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(a) Effect of l-inch reduction.@ chord.

Figure 7.- Effect of chord length. ~f,l= 60°; 8f,2 = YIo.
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90° 80” 0

*

60°

50”

4(3=

c

.70 I@ go 1.&3= +
I I I ,~ o“

.8 .

7-
‘rep.dtst., [Top-

1—

d
m
10
10
10
10
10
10
10
10
10
10
10
10
10

Wing
dk~,m.

f
; 70
0 7
0 7

-1.0 7
-1.0 7
-Lo 7

IJ3 7
Lo
10 ;

ICI
10 :

0 6
0 6
0 6

;hrxd-ext ,
m.

b 9
55 !55
!35 40
55 30

50 4.0
45 4.5
40 40

5.0 40
4.0 40
4,0 24)

40 3.0
4.0 0

5.0 3.0

% :

mlage
tith, m.

none
none
ncme

none
none
none

rime
none
mne

m
ricme

none
none
me

;nd
,~tes My

Y

large -0.13
large -.12
brge -.12

large -.07
large -.06
kwge -.07

IUge -.16
large -.15
large -.15

large -.15
large -.16

large -.[2
large -.13
large -.1I

(b) Additional test configurations.

Figure 7.- Concluded.
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F,

g.

!.0

.8

.6

+t\l////’x’x
4

t !ljiji 20”

.2 10°

FR
o 60 .90 100 = —

-.
0° T

=.2 o .2

T
a d

o ● 4.0
v 4
u :4

10
$ ; 10

L 10
4 10

I r 110

4? .6 .8

b
-G-
55
5.5

;2
5.0
5.0

4.0
4.0

none large
none large
rme large

none large
none large

me Iafge
none large

none large
none large

10

-0,14
-.13
-.11

-,13
-. [0

ground
at 4 m.

a

-0,13
-,1 I
-.09

-,13
-.09

-.12
-.12

-.16
-.15

Figure 8.- Effect of top-w@g position. ~f,l= 600; 8f,2= WO.
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.6
FL

T
4

.2

g. 90° 80°

Lo -

.8

%

20°

\\\\mO

.70 .@ .90 Loo =

o 0, -%1 I I I
o .2 4 .6 .8 Lo

FD
T

a d, e f b 9

● 10.0 -1.0 7.0 5.0 4.0 none Iaqe
v 10 I 7 5 4 ncme large

10 -1 4 4 m large
: [0 j ; 4 4 c-me Iaqe1

My

TD

-0.07
-.16

-.07
-J 5

Figure 9.- Effect of vertical position of propellers. bf,~ = 60”;

bf,a= @.
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e‘=Lfr*Oo60°-
.8

t\ T=b-

“1\ //h?
s~

H;m?’@9&50°

40”

\

ok
30”

20°

01 I I 1 I I r I I I
.2 0

0° ‘
.2 4 .6 .8 10

Symbols Prop. dwt,, ToP- Chord-ext., ,Fuselage End IVly/TD

no ground ground m. wmg m. . wtdth, m. plates co grind ground
at 4m. dlst., m. at 4 m.

a d, e f b g ,
0 ● 4f3 o 7.0 5.5 55 ,r!me large -0,14 -0:3
A A 10 0 7 5.5 55 none large -.13 -.13

0 9 5.5 5.5 ,pme large -.11 -.@ -
: : 1: 0 9 55 5.5 none large -.10 -.09

Figure 10.- Effect of horizontal position of propellers. ~t,l= 60°;
8f,.2= 30°. :
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FL

T

@ 90°

1.0}< 7(3”

*

t

60°

&

‘\ X

21

.2 M///.
~ .70 Ao ~’o Ibo = FR

I r I I I I 1 I @T
4 .6 .8 1.0

‘%-T-..
-“w

Prop dlst, ToP- Sherd-e~ Fuselage End FIap ongles MY/TD

no ground groun m. wmg m. w[dth, m. plates bottom top no ground’,ground
at 2m. d[st.,m.-

d
wmg wing at2m

a f b g deq deg
o ● 90

a
10.0 ;

A
IA 10 0 9“ 5:5 ;:: i;:: 50-30 50-30

010 009

m
-ix

9 5.55.5
- :10

none large 40-30 40-30 - .14
R ; 9 5.5 5.5 none large 50-30 40-30

0 : lo 0
- .14

9 5.5 55 none large 60-30 40-3(3 -.11 - .13

a

Figure 1.1.- Effect of flap deflection.
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Lo

s

.6
FL

T

4

.2

0

‘7%-X50° ‘‘“”*

Ilk
0 2 4 .6 .8 10 -

+2

bols Wop. dst.,lbp- Ctmd-ext., Fuselage
groundat - m. Wing In. wxith, m.
2 m. dwt,, m.

a d e f b g“
10.0 0 9.0 :: :: none
10 0 9 none
10 0 9 i5 5.5 rtane

r

II

10 0 9 5.5 5.5 none
T 10 0 9 5.5 5.5 none
k 10 0 9 5.5 5.5 none

.

b

..

:nd Wings l% p” ar@esj My/TD
ides Wlttl dots both wings rm gioundkroucd at

taped deg. 2 m.

a
large” none 6 -30 -0.10
~ tw 6; -30 -Jo

both 60-30 -Jo

laqe none 50-30 -.07 -.10
large top 50-30 -.07
Igrge both 50-30 -.08 -.07 L -. .-

Figure 12.- Effect of sealing the slots on the wings.

NACA - Langley Field, VA.


